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Specifications 3'^ 

1. Title of the Invention 

Fiber-Reinforced Cement Mortar and Concrete Compositions 

2. Claim(3) 

Polyvinyl alcohol fiber-reinforced cement mortar and concre;:e 
compositions characterized by having fiber mechanical properties, i . t- . , 
a single fiber strength of 60 kg/mm^ or more, a Young's modulus of 1.5-lC" 
kg/'mm~ or higher, and a shrinkage rate in lOO-'C boiling water of o--. or 
less, and containing 0.2 to 4 wt.% cut polyvinyl alcohol fibers (baseo 
on the total charged solid content) having an AR value of 30 to 150 and 
a monofilament fineness of 100 to 1,000 denier. 

3. Detailed Specifications 

The present invention relates to a fiber-reinforced cem^ent mortar 
or concrete comprised by containing polyvinyl alcohol (abbre\^iated ''P\W' ^ 
fibers in cement mortar and concrete. Cement mortar and concrete have 
various features, e.g., durability and fireproofness , and high moldability 
and compressive strength thereof. However, they have dra^vbacks v;hen r,::e;/ 
are used in structures because they are brittle materials and the folding 
resistance and tensile r-esistance are poor. They have othf::r cira>;backs 
from the standpoint of safety and management, such as external aamage 
caused by water leakage and peeling, from cracking occurring due zc 3v;elling 
and contraction of the matrix, and structures collapse into a destroyed 
state. Yet another problem is the heaviness itself. 
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The usual method for improving these drawbacks is to reinrorre r/r.e 
cement mortar and concrete with rebar. However, it cannot be said tha^ 
this is sufficient from the materials, members, work, usage, ana economic 
standpoint. By using steel fibers and alkali -resistant glass fibers in 
concrete and mortar in recent years, steel fiber-reinforced cone tret e or 
mortar, alkali-resistant glass fiber concrete or mortar are put to practical 
use by improving the drawbacks of concrete or mortar. 

Even though steel fibers have features, such as high strength and 
Young's modulus per cross section and good adhesiveness to cement, there 
are drawbacks, e.g., a reduction in the strength due to rusting, a 3 "7 8 
reduction in reinforcing property due to a decrease in the bond strengcn. 

Spoiling of the appearance of the surface is brought about by v\:sz. 
Steel fibers have more drav/backs in order to increase the vol.^> to :nanifes~ 
the effects of their high specific gravity, e.g., the additi«jn rate per 
weight is enormous, the fibers themselves are heavy and the economics 
are poor. In addition, there are problems from the standpoint of production 
and cost, such as a profiled cross section, and a hook or d'jgbone shape 
lengthwise. Meanwhile, there are also problems, e.g,, a dispenser !::>r 
improving the dispersibility is required from the standp'Oint of wo^rking, 
handling with the bare hands is impossible from the standpoint or safety . 
and mixing and kneading take time. As a result, product! vit:.\' is reduce:;. 

A problem remains with the alkaline durability of the alkali -resic*: -mr 
glass fibers even though they are alkali-resistant glass fiber-:-, so ':r.e\- 
could not be utilized as durable structure members . Even : f chopped stiMnds 
of alkali -resistant glass fibers are blended with or added zz c:>ncrere 
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and mortar, basically, the fibers break, decreasing the fiber ^engch and 
spoiling the surface, and sufficient reinforcing effects cann:>t be 
manifested. Therefore, this cannot help but occur in dry oIdv; molLling, 
etc, and problems also remain from the standpoint of handleability and 
workability . 

And fiber-reinforced concrete and morcar using organic synrhe:,ic 
fibers were also studied. Among these fibers, there are pcdyC'lerin-;3a3ed 
polyethylene and polypropylene fibers , vinyl-based polyvinylidene chlc^ride 
polyvinyl chloride, polyvinyl alcohol andpolyacryloni tr i le fibers, various 
polyamide-based nylon fibers typified by 6 and 6,6-nylon ficers, 
aramides -based Kevlar fibers, and various other polyester -based and 
polycarbonate-based . organic synthetic fibers. However, in a<:ldition to 
polyolefin- and PVA-based fibers, vinyl-, polyamide- and polyes-zer-oased 
fibers have little reinforcing effects because they are hydrophobic, -heir 
adhesion zo a cement matrix becomes poor, and the fibers draw out of che 
matrix when they are broken. In order to prevent the fibers fro.m beina 
drawn out, ways are being contrived to form pro jections andnooes lengc.::v;iS'r 
so that the fiber cross section is profiled and the fibers do nc't: slip 
through the matrix. For example, the fibers are prevented from slippi:i<:r 
through the matrix by forming bumps at both ends thereof accord Lnc: to 
Tokko No, 49-37407 or by forming projections on the peripheral 3*,;i*fac-r 
of the fibers , as shov/n in Tokkai Nos . 55-67559 and 85457 . Detailed resedrrh 
is also reported in "Seisan Kenkyu" 31:4, pg . 22 (April 1S'79» . But since 
the adhesiveness of the polyethylene fibers used here to rhe matrix is 
poor, the strength is m.aintained after cracking by forming pro: ect i r^ns 
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on the surface. On the other hand, there is a conflicting drav/back beca^is-Fr 
the strength of the fibers decreases when cracking dev^elops as the rar,e 
at which the fibers are added increases. Otherwise, zhe fibers mu^;:, oe 
improved from the standpoint of workability and economics. 

The alkali resistance of polyester-based organic synchecic fioers 
is v/eak, so they cannot be used in durable members, such as concrete and 
mortar . 

The properties of a cement mortar using PVA fibers is reported ir: 
^^Cement Science and Concrete Technology" pg. 2 (May 1965) . Ic is repor*:ed 
here that the fibers must be dispersed by using a surfactant, the difference 
between the strength at the time of overall breakage and the postcrack 
strength should be 25 or 100 denier, and the greater the fineness, "ne 
higher the bending strength, the greater the rate at which the fibers 
are added, the low^er the strength, etc. 

As a result of painstaking research to improve the drawoacks oi 
fiber -rein forced concrete using steel fibers , alkali - resistant gl£iss f ibers 
and organic synthetic fibers the inventors of the present invention achieved 
the present invention by using PVA fibers, which are organic synthetic 
fibers . 

The purport of the present invention cc-mprises PVA f iber-reinf orred 
cement mortar and concrete compositions having basic fiber ir.echanical 
properties, i.e. , a single fiber strength of 60 kg -mm' or more and a Vouncr ' ~ 
modulus of 1 . 5 xlO" kg/iTim* or higher, having shape s tabili ty, i.e. , a shrinkacre 
rate in lOO^C boiling water of 8% or less. The monofilament rinenes^^ 
of 100 to 1,000 denier. 0.2 to 4 wt , % cut PVA fibers (based :n rhtr ' r- \: 
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charged solid content), which are PVA fibers having a cuz length v;:r:: 
an AR value (generally called the ''aspect ratio", which is a value equal 
to the fiber diameter subtracted frorr. the fiber length thereof) of 3} 
to 150 are contained. 

First of all, PVA fibers consist of highly hydrophobic water- 379 
soluble polymeric substance having an -OH group on a side chain, v;::i :h 
is called polyvinyl alcohol, by subjecting polyvinyl acetate :. o 
saponi fi cat ion. Highly crystalline PVA fibers maybe obtained by spinning, 
drawing, and heat-treating this substance. Said fiber is water soluble 
and highly hydrophilic, but in order to manifest fiber's per f cr-inance , 
its water insolubility is featured upon performing high drawing and high 
heat treatment or -by obtaining shape stability thereof by acetal itdt ion 
or a crosslinking treatment so that it becomes insoluble in water. The 
shrinkage rate in iOO^C boiling water of 8% or less described in the present 
invention is on a scale exhibiting the shape stability of the PVA fibers. 
It is a mandatory condition to regulate the sw^e liability at this temperature , 
that is, the shape stability under extremely strict conditions to bring 
the moisture content to 20% after a centrifugal dewatering at 3,ZK rpm 
or less without dissolving the fiber in lOO^-C hot v;ater. The fact that 
there is no reinforcing property since there is no difference m tne sr rr-r.-^^th 
when the fibers are completely broken and w-hen cracking develops ci* : ' : 
denier and the fact that the bending strength decreases if tr^e amcunu 
of fiber added increases are reported in the previously described "Cc-j.rr.r 
Science and Concrete Technology" pg. 2 {May 1966). In the first place, 
the fibers slip easily through the matrix because the added PVA fibers 




swell and contract when they bend and break, and in the second place., 
there are many drawbacks because the PVA fibers are present i.n the ir.oLded 
article as if a cavity is formed therein and no reinforcing effect occurs. 
As the fineness of the monofilament increases by 100 to 1,300 deniei', 
the amount of swelling and contraction of zhe fibers increase axially 
and radially, so the fixability of the PVA fibers to the cemenc inazrix 
tends to worsen. That is, although the reason the shape stabiliry ■: :: 
the fibers does not deteriorate is unknown, it is essential 1.0 vc^ai^zaln 
the shrinkage rate in lOO^C boiling water at 8% or less. Obtaining such 
PVA fibers can be accomplished by subjecting the fibers to a sufficient: 
shrinkage treatment at a low temperature in the heat treatment step, or 
heat treating cut fibers in 100 to 250^C hot blown air. This can be further 
accomplished by a high drawing treatment, acetalizat ion, or a cross linking 
agent treatment using titanium or the like. The PVA fibers curesent. in 
the cement mortar or concrete had no dimensional stabiOir.y and it was 
possible to maintain a state where the PVA fibers were firmly bonded z.o 
the cem.ent matrix by keeping good shape stability. Furthermore, ?\'A fibers 
have compatibility with the original hydrophilic -OH group and wich zhe 
cement matrix constituent ( s ) , Accordingly, what differs fron: the 
polyolef in-based polyethylene and polypropylene, vinyl-basec polyvinyl 
chloride and polyvinylidene chloride, polyamide-based 6 and v , -'--ny .-ju, 
and polyester-based hydrophobic organic synthetic fibers is cnaz. r::e 
bondability of the PVA fibers to the cement matrix is high and modifying 
the fiber shape is unnecessary because pro3 ections are formed on r.::e surface 
of the fibers without making a profile cross section, Imprc'inc me 



fixability, forming projections and nodes on the surface, and makmq a 
profile cross section is, although useful for increasing the fiMabilir// 
thereof, insignificant in viev\A of the productivity, mechanical properties 
of the fibers and economics. 

The strength and Young' s modulus of a single filament that is nece.-..=;ar i ly 
60 kg/mm" or higher and 1.5x10-' kg/mm or higher, respectively, ^.vill be 
explained next, and so will the tensile strength and bending strength 
of a composite material according to the composite rule and fiber ^-pacing 
principle. First of all, according to the composite rule, the fiber must 
be useful in improving the postcrack strength in order to improve the 
bending strength of a composite material. Manifesting that effect is 
connected to the strength of the fibers, so the higher the streiiyth of 
the fibers the more improved the reinforcing property is. Trierefore. 
it is necessary that the strength of a single filament be 6 0 k:T riri' . 7r 
it is less than 60 kg/mm", the postcrack reinforcing property decreases. 
The higher above l.SxlQ-* kg/mm^ the Young's modulus is, the better it is. 
But if it is less than 1.5x10' kg /mm", the cracking resistance decreases, 
which is not preferable. 

According to fiber spacing principle, propagation of crocking 
inhibited ['inhibited' is misspelled in source J bet ter by inciudi::g numerous 
fine fibers, but it is extremely difficult to evenly disperse fibers v;ith 
a fine fineness in a thick slurry, such as cement mortar or concrete. 
A range of 100 to 1,000 denier is ideal from the standpoint of ^n: rrrm 
dispersion and inclusion. If the fineness is greater than ,^ ~ ^ o-.-nit^r, 
the effect from adding the fibers is not helpful for preventing i ^^pajr;^i 
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of cracking because the number of fibers added is curcaiied. If it is 
less than 100 denier, a uniform dispersion is not obtained. If the cue 
length is shortened so as to obtain a uniform dispersion, no _J 
reinforcing effect is obtained. 

One reason that the resulting fineness of the single filamenr. is 
100 to 1,000 denier and it is cut so that the AR value is 3 .~ zo 
because a non-dispersed state, such as a fiber bail, does not: develop 
even when said PVA fibers are added during dry mixing of the cement nor car 
and concrete or to the slurry after adding water and mixed in any sequence 
or method. The highest AR value of a steel fiber is about: 60. However, 
when the AR value of PVA fibers reaches 150, a benefit: was able c.-,-^ be 
discovered from the standpoint of working. A more ideal AR value is 6') 
to 120. Of course, PVA fibers are safe because it is noc necessary lo 
pay attention to handling and individual safety because they do nor. pierce 
a body like sreel fibers do. It also is possible to utilize a disperser 
for steel fibers. Furthermore, a conventional batcher plant or concrece 
mixer car can be used, as in the past. 

The rate at which the PVA fibers are added differs depending on 
member and the method being used. This will be explained in : r.ems i' 
to 3) next. 

1) For the purpose of preventing cement mortar from cracking, assu:r.L::!j 
that the sand/cem.ent ratio is 1 to 3 and the water ■ cern.en" ratio is ab:--.:r 
0.4 to 0.8. 0.2 to 0,5% of PVA fibers is satisfactory, based on the :otal 
charged solid content. 
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2) Assuming that a crack strength is obtained when zhe cement ir;ortar 
is used as a member for constructing buildings , and a high postcra^k str*=^n^*rh 
and toughness are obtained, 0.2 to 4 v;t , % of ?VA fibers is required, cased 
on the total charged solid content. 1 to 2 wt . % is ideal. If it is lor-'S 
than 0.2 wt . % , the reinforcing property of the added PVA fibers i.:: not 
manifested, and if it is greater than 4 wt.%, the dispersibili ty 
fibers deteriorates, the flow value decreases, and no workarility is 
obtained . 

The composition obtained as such exhibited an increase in the poster ^ck 
folding resistance at the bending strength thereof, a large postcrack 
high-load strain, a several ten-fold toughness over the plane, and abundant 
toughness. The crack strength also improves. 

Thus, PVA fibers can be utilized in a high energy-absorbing meraoer 
and in an earthquake-proof member for keeping shape-retention during 
earthquakes . 

3) The larger the AR value of the fibers, the better it i a v;hen a 
large coarse aggregate is utilized as a concrete member, 0,5 to 4 v;t . > 
of PVA fibers with respect to the total charged solid content are desirably 
contained. The reason for this is the same as the one described in item 
2) . 

An increase in the magnitude of the postcrack maximurr. load 3i.rain 
that is connected to improving toughness has the ability to im.prove the 
bending snrengnh and absorb high energy. For example, the F-V-. fibei'-t^ 
can be utilized in m.embers used in civil engineering, such as bii:ia-r, 
pavem.ents for roads, and tunnel linings and slope procec'ion u=--^ng -:-;:r-.y 




methods. They can be utilized in pressure-proof ip.einbers, sucn a.-^- beari:::r 
beams and walls, in building members. PVA fibers having features tr-j- 
the standpoint of energy absorption against earthquakes and for roads 
and bridges with heavy traffic as v/ell as postcrack shape retention and 
from the standpoint of safety are considered. 

From the standpoint of workability, there is no deterioration of 
the mixability, marked reduction in the slumip value, etc. The specific 
gravity of the PVA fibers decreases to 1.26, so they are easily wziiizaoie 
as pumpcrete . There are no problems even if they are used as shotcrete 
for spraying work . No damage or wear of mechanical equipment or instruments 
occurs as with steel fibers, and the handleabili ty can be treated as -.vith 
conventional concrete or mortar. 

The compressive strength does not decrease just because an oraanic 
polymeric substance is contained; this is substantially zhe same as when 
no PVA fibers are added. 

The use of PVA fibers as an additive material is explained next. 

PVA fibers can be round or elliptical fibers obtained by spdnning 
PVA in a dry or wet method, and then drawing and heat treat i::g t'nom. 
They can be a fibrous m.aterial or a flaky one obta'^ned by cutting *:he 
PVA resin into the form of fibers. Or they may be made bulb shaped by 
flash spinning, etc. The shape of the spinning nozzle can be cr.ar:'-:jec. 
during spinning to get a profile cross section, and unevenne?:? c\\:i 
formed by a post-processing. Furthermore, these fibers m.ay be- ::ea-. 
treated and subjected to acetalizat ion to imiprove the shape j*"abi-. 
by a crosslinking treatment. 
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The PVA fibers can be mixed and used -vith alkali-resistant glass 
fibers, carbon fibers , asbestos pulp, and other organic synthetic fibers, 
such as polyethylene and nylon fibers. 

The cement is a regular hydraulic cement or Portland cement. Ordir.arv 
Portland cement, early-strength Portland cement, moderate-hea- Por; -c.Lnc 
cement, sul fate-resistant Portland cement, and white Portland cenen', c^ra 
used. Mixed cement species can be used v/ithout any limitatior., e . c: . , 
Portland blast-furnace slag cement, silica cement, and fly-ash ceir.ent:. 
Alumina cement, expansive cement and ultra high^earl^'- strength Portland 
cement also can be used. 

Sand, crushed sand and crushed stone from rivers, the sea c-r land 
are used as fine aggregates. Aggregates having a maximum length of 5 
to 100 mm in bridge piers, foundations, thick walls, floor boards, arches, 
beams, thick plates, and the like are selected as coarse aggregates. 
Furthermore, lightweight artificial aggregates may be used. 

It is also possible to use AE agents, flowability inproving aqo::t~-. 
water reducing agents, chickeners, water retaining agents, and v;ar.er 
repellents as admixtures. 

Glauber's salt, gypsum, sodium carbonate, calcium carbonate, 
triethanolamine , and calcium chloride, which have been used in the past, 
may also be used as curing accelerators. 

Sodium silicate, potassium bichromate, sodium silicor j-uoride can 
be used as setting accelerators. For spray methods, crack repair, and 
the like, it also is possible to use admixtures comiposed .Tainly of a p?v;dery 
setting accelerator, such as sodium carbonate or sodium aluminate. 



Ligninsulf onic acid salts and hydroxycarboxylic acids, ;\hi-jh 
setting retarders, as well as inorganic retarders, such as iTiagnes ium 
silicof luoride and Ritaaru [transliteration]/ can be used. 

From the standpoint of construction, bar arrangement is possLole , 
as in the building of large, indeterminate structures, such as hicrh iz-r idces , 
which also can be used in sliding methods and preventing coid j-:'in:s. 

V-Jith the PVA fiber-reinforced cement mortar or concrete in the present 
invention, an improvement in bending 'strength can be planned and members 
with abundant toughness and 30 to 40 times better than that at the plane 
are obtained by charging it with 2 wt . ^ PVA fibers. Furthermore, the 
performance can be applied not only in the field of civil engineering 
but also the field of construction from the standpoint of shape retention. 

Firstly, in the field of civil engineering, the fiber can be used 
in concrete road pavements, including ordinary roads and arrporr run'-:rv/=. 
In this field, the use of the fiber as a reinforcement is effective in 
improving the bending strength, shock resistance and wear resistance, 
and enables omission of steel reinforcements or reduction in the quantity 
of steel reinforcements, reduction in the thickness of concrete fiC'Orincs 
and/or, furthermore, reduction in the term of works and/or in ravv material 
quantity. The fiber can be used in slope protection by spraying . It exhibi t.r 
an effect on the bending strength merely by spraiying these lightl\'. evince 
the fibers are hydrophilic, the rebound is also small. Likev;ise. t::e 
fibers can be sprayed inside tunnels and they are sof t . elastic , n\'?<rop::: lie, 
lightweight, and the like, so there is little splashing of aggrerjate r;nd 
fibers. The concrete hardly slumps , which is effective from the s t ar.:i:V' 



of yield and safety. The fiber can be used as a concrete nieniber cr 
earthquake-proof member when it is constructed in bridges. 

Secondly, the fiber can be used in concrete products , such as m.o Id- shaped 
sheet piles, hollow cylindrical products, for example pipes, piles and 
poles , etc , 

The fiber can be used in concrete products for roads, such as "lac 
concrete boards for footways, reinforced concrete U shapes, concrete or 
reinforced concrete L shapes, concrete boundary blocks and reinforced 
concrete guardrails. 

The fiber can be used in pipes and tubes, such as reinforced ccncrc-r,e 
pipes formed by centrifugal molding, and furthermore, span i^ioes '\'lzb. 
sockets, reinforced concrete pipes, rolled reinforced concre^ze pipes, 
plain concrete pipes ; core- type priestesses concrete pipes , asbestos cemen" 
pipes for aqueduct, cable pipes, cable ducts, sewage pipes and prod.ucts 
for irrigation and drainage. 

The fiber can be used in retaining products , such as reinforced concrete 
sheet piles and prestressed concrete sheet piles. 

The fiber can be used in poles and posts, i.e., centrifugal 
force prestressed concrete poles, centrifugal force reinforced conrrete 
poles, and centrifugal force reinforced concrete posts. The ::\ber. can 
be used in products for slabs and beams and it can be used widely in pr-cSt ed 
concrete beams for slab bridges, prestressed concrete beams ^ '-r girder 
bridges, prestressed concrete beams for light load slao bridges, c;n:; 
prestressed concrete double T slabs. 



Thirdly, the fiber of the invention can be added to cemenn nortar 
molding materials to be molded by extrusion, which is a special molding 
method, so that the bending strength and shock resistance can be improved, 
PVA fibers can further be added to mortar compositions fc-r sprayin-7 
for application to walls for improvement in shock resistance a::a bcrnaing 
strength and, of course, for cracking prevention. 

The fiber can be used as a mortar for plastering. Otherwise, :r 
can be used in expressways, runways, overlays, pavements toz pedes crian 
bridges and bridge floors ; and repairing materials thereof as well as 
footway pavements. The fiber can be -used further in forms or molds, and 
disposable forms. There are sewage pipes, cable pipes, cable ducts, ecc. 

Further, the fiber can be used in road construction materials, e.g., 
sound insulating materials, street signs, pavement reinforcements, side 
ditches, tunnel interior m.aterials and piles. There are matericils for 
construction, e.g., exterior building materials. They can be used in 
shell structures , cur tain walls , exterior panels , molded roof ing macer ia Is , 
parapets, spandrels and exterior reliefs. Said fiber can also be used 
in interior building materials, e.g., wall materials, reliefs, flooring 
materials, and ceilings. The fiber can be used further in fc-rmvS or molds, 
disposable forms , floorboards, girders, foundations f or machi ne^-y - nuclear 
reactor housing, liquefied petroleum gas containers, office partitions, 
and stairway construction materials. The fiber can be used also in thin 
shell ferroconcrete structures, e.g., ship equipmient and boats, buoy.-:, 
floating piers, gathering places for fish, tetrapods, and the like, 
ivavebreaking blocks , and bankprotecting blocks . In the f iel-icf a::rirul:ure 
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and the like, the fiber can be used in tanks, silos, seedbeds, rence c 
vases, flower pots, sheet piles for side ditches, etc. Furthermore, ir. 
can be used in materials of containers for disposal of waste ir.aterial, 
such as radioactive waste material. 

The following practical examples and comparative examples aie used 
to explain the present invention. 
Practical Example 1 and Comparative Example 1 

PVA fibers having a fineness of 500 denier, a strength of 77 kg RuT' , 
a Young's modulus of 1.7x103 kg /mm'' and a shrinkage rate in 100 'C boiling 
water of 6%were obtainedby dry spinning PVAhaving adegreeof saponi f ication 
of 99.9 mole % and a degree of polymerisation of 1,705. The fibez's thereof 
were cut into lengths of 6, 12, 20, and 26 mm, added so as io be l^c of 
the total charged solid content, mixed, kneaded and molded, and the bendi-ryj 
strength was measured according to the criteria of JIS R 5201. 

Ordinary Portland cement was used for the cement in blending and 
Toyoura standard sand was used for the sand. The water / cem.ent ratio was 
0.4, the sand/cement ratio was 1/ and the flov; value was measured by using 
a Hobert m,ixer for agitation. Then it v;as poured into a 4a4\16. form, 
the form was removed after overnight molding, and subjected to water curing 
for 28 days. 

An Instron TT-CM was used for measuring the bending s t rengch . 
fiber with a 6 mm cut length and a plane without any fiber r.dced sei e 
prepared for comparison. The results are thereof were shown :r. Tacit-- . 
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Table-1 





Mo. 


Cut 


AR value 


F 1 o-A- 


Crack 








Length 




Value 


Strength 


Post crack 1 ; 






[ mrrO 




( rrar. ) 




Strength . . 


Practical 




12 


50 


164 


1 , 04 




Example 1 


n 


2 0 


84 


16G 


■' 9 S 






3 


26 


110 


i 0 (J 






Comparative 


4 


6 


26 


165 


1 r 
J. . 




ExazTipie 1 


5 




plane 


163 


1.0 


I ' i 



There was no difference between the flow rate, which is the criteiricr: 
for workability, with that of the plane. The Ar values were high and 
the maximum postcrack strength increased 18 to 62% over the plane with 
a slight increase in the crack strength in Nos. 1 to 3 . It was confirmed 
that an 18- to 40-fold higher toughness was exhibited. However, although 
the Ar value of the fiber with the 6 mm cut length of No. 4 of Comparanive 
Example 1 was low and the dispersibility was good, there v;as no difference 
to the plane in bending strength of the fiber where the toughness v;as 
slightly higher. 

Practical Example 2 and Comparative Example 2 j 
The PVA fibers manufactured in Practical Example 1 viere cut to lengths 
of 20 mm (AR value: 84], said fibers were added at addition rates ot :.l, 
1,5, 2, 4, and 6% with respect to the total charged solid content . Otherwise, 
the mixability, flow value, bending strength and toughness were ev^aluated 
in completely the same blending method in Practical Example 1 . Th^e rei-u^tr- 
thereof were shown in Table-2. 



1 
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Table -2 





No . 


Addi tion 
Rate ^ 


Dispers ibi 1 i zy 
of Fibers in 
Kortar 


Flow 
Value 
( iTjr. ) 


Crack 
Strengrh 


?os ccrcic'r: i 


Practical 




1 




160 






HxaiTLple Z 


6 


l.S 






1 . 0 r 








2 




14C 


i . 06 






8 


4 






1 . 0"^ 




Cornparat ive 
Exanpl^f 1 


q 

s 


. 0 . 1 

6 

plane 




lej 

IC: 


1 . 

3ispers : ''^ 
1,0 





The dispersibility was measured by observation with the unaided eye. 
In sample No. 10 in which the addition rate of fiber Vv^as high, a liber 
ball was formed and could not be molded. Otherwise, there v;as a surae 
in the toughness, and a 2.8-fold increase in the maximum postcrack strength 
by changing the fiber addition rate. There was no effect thereof in sample 
No. 9 having a low addition rate and it was the same as the pleme. 
Practical Example 3 and Comparative Example 3 

Concrete containing 1% of the PVA fibers manufactured i:i Practical 
Example 1 cut to a length of 26 mm (AR value: 110) with respect to ihe 
total charged solid content was manufactured. The target slump value 
was 18 cm serving as the base value by selecting 15 to 2 0 mm. crushed stone 
as the coarse aggregate. The target -air volume was 5%, the water cem.ent 
ratio v/as 0.6, and the fine aggregate proportion was Q . , The unit v;atei 
volume was 207 kg, the unit cement quantity was 345 kg, l,!!"" kg of fine 
aggregate was used, this was stirred in a tilting m.ixer without using 
an admixture, poured into a 10x10x40 form, and evaluated acrordino 
the criteria of JIS A 1132. The bending strength was measure-.i arc-'u 
to the criteria ofJISAllOS, the compressive strength v/as .-easur-T-:; re-: i i:::r 



IS 



zo the criteria of JIS A 1114 after the mold v;as released c:ie uay 
and water-cured for 28 days at 20^0 by using a Shimadzu Model RH-20C. universal 
testing machine. The results thereof were shown in Table-3. 

Table- 3 





No. 


Slump 
( cm) 


Air 
Volume 
1 % J 


Crack 
Screng-h 


Maxirr:um 
Poi^'- crack 
Szrength 




Practical 
Example 3 


1 1 




6.2 


: .C3 






Con^parative 
Example 3 


12 


18 


5.3 


1,C 


1.0 


1 . 



Microcracks developed due to load ac three points in Practical F.xarr.ple 
3, but they did not lead to damage, and there was maximum strength v.r.iie 
keeping the shape retention. The strength of the fibers decreased v.-hiie 
subsequently drawing them, but they did not oreak easily, and no fragments 
of concrete flew about. 
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